To investigate the need for further surgery after laparoscopic excision of endometriosis or hysterectomy.
CONCLUSION:
Local excision of endometriosis is associated with good short-term outcomes but, on long-term follow-up, has a high reoperation rate. Hysterectomy is associated with a low reoperation rate. Preservation of the ovaries at the time of hysterectomy remains a viable option. (Obstet Gynecol 2008; 111:1285-92) LEVEL OF EVIDENCE: II E ndometriosis affects 2.5% to 3.3% of women of reproductive age and is diagnosed in 20% to 68% of women with infertility or chronic pelvic pain. Hysterectomy often is used by gynecologists as definitive therapy for endometriosis, but there are few data to support its effectiveness. On the other hand, patients who have been treated initially with conservative surgery have a 36% chance of requiring reoperation within a 2-to 5-year period. 1 Weir et al 2 show that the likelihood of hospital readmission within 4 years for additional surgical treatment for patients with prior conservative surgery was 27%, compared with 12% with hysterectomy.
Moreover, when hysterectomy is indicated, it is not clear whether ovarian preservation worsens or improves the patient's clinical outcomes. At least one study concluded that bilateral oophorectomy was associated with significant morbidity and possibly the need for hormone replacement therapy. 3 Conversely, ovarian removal with hysterectomy has been reported to be associated with less recurrent symptoms and a lower rate of further intervention. For example, Namnoum et al report that the risk of reoperation after hysterectomy for endometriosis was 3.7% for those who had no ovaries and 31% for those with ovaries. According to these results, patients with ovaries had an 8.1 times greater risk of reoperation than those without any ovarian preservation. Although this study supports ovary removal, 4 it was a small, retrospective study, and it was unclear whether the endometriosis was removed at the time of hysterectomy. Also, the data were not adjusted based on the age of the patient, which means that the study did not compare the outcome of ovary preservation on the same age group, which will create a bias.
The hypothesis of this study is that conservative surgical treatment of endometriosis is associated with comparable outcomes as with more radical treatment if endometriosis is completely removed. The specific aim of the present study was to compare the failure rates of two major surgical treatments of endometriosis-local excision of the lesion and hysterectomy with or without oophorectomy-in different age groups and also to define the effect of ovary preservation on the reoperation rate.
METHODS
A computer search of electronic medical records (Epic Medical Records System, Verona, WI) identified 850 patients who had undergone gynecologic surgery between January 1995 and December 2003 at our institution and who had been diagnosed with endometriosis. The Cleveland Clinic institutional review board approved this study. All laparoscopic excisions of endometriosis were performed by one surgeon (T.F.), but the hysterectomies were performed by six staff surgeons at Cleveland Clinic during this period. Only patients who underwent surgery for chronic pelvic pain with histologic confirmation of endometriosis were included in this study. Patients who had undergone surgery for infertility or menorrhagia as the primary indication were excluded.
A total of 120 patients who underwent hysterectomy between January 1995 and December 2003 and met the inclusion criteria were included (hysterectomy group). These patients were divided to two subgroups depending on whether they had bilateral oophorectomy. The other group of patients consisted of women who underwent laparoscopic excision of their endometriotic lesions (laparoscopic group). To ensure that this group's sample size was comparable with that of the hysterectomy group, 120 patients who met our criteria were randomly selected. This resulted in a total sample size of 240 patients. This sample size allowed for 90% power to detect a decrease in 3-year reoperation rate of 60% in the hysterectomy group as compared with the laparoscopic group if the historical rate 3-year reoperation rate of 25% in the laparoscopic group was observed. Sample size calculations were based on use of a log-rank test with a significance level of .05 and were calculated using the power procedure in SAS software (SAS/STAT User's Guide 9.1, SAS Institute Inc., Cary, NC). The choice of surgery was solely the decision of the patient and her doctor before surgery. In all cases, endometriosis was confirmed by histology, with both endometrial glands and stroma required to make the diagnosis.
All local excisions were performed laparoscopically. Our surgical technique for excision of advanced endometriosis has been described 5 and demonstrated previously (the American College of Obstetricians and Gynecologists permanent library-DVD#197; this video may be viewed online at www.greenjournal. org/content/full/111/6/1285/DC2). In general, a standard approach was used that involved an umbilical port and two or three accessory ports. Hysterectomy with and without oophorectomy was performed via either laparoscopy or laparotomy. Both laparotomy and laparoscopic technique for hysterectomy was performed using a standard approach. 6 In patients undergoing hysterectomy, excision of all visible lesions also was performed.
During local excision and hysterectomy, the pelvic ureters were dissected and all visible disease was excised, including peritoneal lesions, ovarian cysts, and endometriosis of the bowel, including bowel resection if necessary. Intraoperative details were taken from the operative report, including disease stage, ovary involvement, ovarian preservation, and colon involvement. The endometriosis was staged according to the revised American Fertility Society staging system. 7 A letter was sent to all 240 patients in December 2006, notifying them about the study and explaining how to participate via a telephone survey. The letter contained a refusal form and a stamped return envelope. Patients were instructed to complete the form and return it if they did not wish to participate. Follow-up information was obtained from computerized medical records, including operative reports, pathology reports, and outpatient charts, as well as from the telephone survey.
The survey consisted of a questionnaire that contained six questions about any reoperation, pain clinic visit, medical treatment, and level of satisfaction. After the first round of telephone surveys, we sent a second letter containing the questionnaire to the patients whom we were unable to contact.
The index surgery was defined as the first surgery performed at the Cleveland Clinic for pelvic pain, regardless of the number of prior surgical interventions at other facilities. Previous surgery was defined as procedure before the index surgery. Surgery was performed only if medical management with gonadotropin-releasing hormone agonists or other medical suppressive therapies were refused or failed to control symptoms. Recurrence was defined as pelvic pain necessitating further surgical treatment. Time to recurrence was measured as the time in years from the index surgery until the additional surgery. Patients were followed until a repeat surgical event. The percentage of patients who did not require additional surgery (reoperation free) was calculated at 2 years, 5 years, and 7 years. Categorical factors were summarized by level using frequencies and percentages; continuous measure distributions were described using the median and interquartile range (25th percentile, 75th percentile). Associations between surgery type and categorical measures were evaluated using 2 tests, except in cases where expected cell sizes were small, and Fisher exact tests were performed. Differences in continuous and ordinal measures between surgery types were evaluated using Wilcoxon rank-sum tests. To evaluate time to reoperation, survival methods were employed. Estimates of reoperation-free survival at 2, 5, and 7 years were calculated using Kaplan-Meier methods and log-rank tests. Estimates of risk (hazard ratios) were computed using Cox proportional hazards models. A significance level of .05 was assumed for all tests.
RESULTS
The median follow-up was 7.65 years (7 years, 8 months). The maximum follow-up was 11.90 years (11 years, 11 months). Of the 240 patients selected, three were excluded-one because of death and two because they refused to participate on the initial communication. In the 237 remaining patients, we were able to obtain information from a total of 206 patients: 109 patients in the local excision group (referred to subsequently as the laparoscopic group) and 97 patients in the hysterectomy group. The majority of patients were white (169/206): 77.3% in the laparoscopic group and 86.2% in the hysterectomy group. The hysterectomy group was divided to two subgroups: 47 patients with ovarian preservation (at least one ovary preserved) and 50 patients without ovarian preservation (both ovaries removed). Among the 97 patients with hysterectomies, 58 (60%) had total laparoscopic hysterectomy or laparoscopic-assisted vaginal hysterectomy, and 39 (40%) had laparotomy (initially or converted after initial start by laparoscopy).
Patients in the laparoscopic group were younger than those in the hysterectomy group (median age, 34 years versus 40 years) and were more likely to have ovarian preservation (98.2% [107 of 109] versus 48.5% [47 of 97]). Forty-eight patients (44%) in the local excision group and 47 patients (48.5%) in the hysterectomy group had no surgery related to endometriosis before their index surgeries. The median number of surgeries related to endometriosis before our index surgery was one surgery in both the laparoscopy and hysterectomy groups. Table 1 shows the disease staging for all 206 patients. Ovarian involvement occurred more frequently in the laparoscopic group. Colorectal involvement requiring resection of endometriosis was reported in 73 patients (30.9% in the hysterectomy group and 39.5% in the laparoscopic group).
In the laparoscopic group, 96 patients (88%) had both ovaries preserved. In 11 patients (10%), only one ovary was preserved, and complete removal of ovaries was performed in two patients (2%). In the hysterectomy group, 28 patients (29%) had both ovaries preserved, 19 patients (20%) had only one ovary preserved, and 50 patients (52%) had neither ovary preserved.
A total of 129 patients had no surgical intervention after their index surgery, which included 45 of 109 (41%) patients in the laparoscopic group, 38 of 47 (80.8%) patients in the hysterectomy with ovarian preservation group, and 46 of 50 (92%) patients in the hysterectomy without ovarian preservation group.
Patients with hysterectomies had significantly fewer postsurgical operations. The median number of reoperations in the hysterectomy group after the index surgery was 0, compared with 1 in the laparoscopic group (PϽ.001). Cox proportional hazards regression analysis was completed to evaluate whether age, revised American Fertility Society stage, 7 or operative time was predictive for reoperation. Table 2 shows the reoperation-free survival estimates based on preoperative and perioperative measures. This table shows that surgical procedure and age at the time of surgery are the most important variables that may determine outcome. The stage of disease had no effect on "surgery-free" time in any of the groups (Table 2) . Neither ovarian nor colorectal involvement showed any significant effect on the failure rate of the index surgery in any of the surgical groups.
Time to reoperation is plotted by the KaplanMeier method in Figure 1 . The time to reoperation was significantly different across groups (log-rank test, PϽ.001). Of the 107 patients in the laparoscopic group with ovarian preservation, 62 (58%) required further surgical intervention after their index surgery. Among those who initially underwent local excision, 16 ultimately had a hysterectomy. This represents 15% of all laparoscopies and 26% of all laparoscopies that required reoperations.
Of the 47 patients in the hysterectomy group with ovarian preservation, nine (19.2%) required further surgery. Of the 50 hysterectomy patients without ovarian preservation, only four (8%) required reoperation. In other words, conservative local (laparoscopic) excision had a 2.89 and 6.16 times higher failure rate in comparison with hysterectomy with and without ovarian preservation, respectively (PϽ.001).
In the local excision with ovarian preservation (at least one ovary) group, the surgery-free percentages were 79.4%, 53.3%, and 44.6%, respectively, at 2, 5, and 7 years. In the hysterectomy with ovarian preservation group, the 2-, 5-, and 7-year reoperation-free percentages were 95.7%, 86.6%, and 77.0%, respectively. In the hysterectomy without ovarian preservation group, the percentages were 96.0%, 91.7%, and 91.7%, respectively (Fig. 1) .
The reoperation-free survival estimates based on the three ovary preservation variables (two ovaries, one ovary, and no ovary) are shown in Table 3 . Patients with only one ovary regardless of surgery type had a lower risk of reoperation than those with both ovaries. Table 3 shows that in the laparoscopic group, the women with one ovary had lower 2-, 5-, and 7-year reoperation-free rates than the women with both ovaries: 81.8%, 72.7%, and 72.7% versus 79.2%, 51.0%, and 41.4%, respectively. The hazard ratio estimate from Cox Proportional Hazards models was 2.71 (confidence interval [CI] 0.85-8.65). Among patients with hysterectomy, preservation of both ovaries increased the risk of reoperation by 2.44 times, regardless of the age of patient (CI 0.65-9.1). However these differences do not reach statistical significance.
In Table 4 , the patients were divided into three groups based on the level of ovarian preservation, and the effect of surgery type on the failure rate was evaluated. The patients who underwent hysterectomy with complete ovarian preservation had a statistically significantly lower failure rate than the local excision patients with ovarian preservation. In the laparoscopic group, the 2-, 5-, and 7-year surgery-free rates were 79.2%, 51.0%, and 41.4%, respectively. In the hysterectomy group, the rates were 92.7%, 84.5%, and 78.4%, respectively. This demonstrated that local excision had a four times higher failure risk than hysterectomy in general when both ovaries were preserved (Pϭ.003). In addition, a total of 30 patients who underwent unilateral oophorectomy were divided into two groups (hysterectomy group and laparoscopic group), and the 2-, 5-, and 7-year failure rates were evaluated. Again, the patients who underwent hysterectomy had lower failure rates than the patients who had local excision, but the difference was not statistically significant.
Overall, women between the ages of 19 and 29 years had a 2.56 times and 6.66 times higher risk of reoperation than women 30 to 39 years old and those Table 5 shows all the surgical procedures stratified by age. In the 19 to 29 years age group, 36 patients underwent local excision (laparoscopic group), and the surgery-free percentages after 2, 5, and 7 years were only 63.9%, 33.3%, and 27.8%, respectively. We did not have a sufficient patient size in this age group who underwent hysterectomy, and no comparison was performed in this age group.
In those patients 30 to 39 years old, the hysterectomy group required fewer additional surgeries than the laparoscopic group. Patients in this age group with hysterectomy and ovarian preservation had a 7.69 times lower reoperation risk than patients in the laparoscopic group with ovarian preservation (Pϭ.005). However, removal of both ovaries did not seem to be of benefit if hysterectomy was performed. In this age group, 22 patients who underwent hysterectomy with ovarian preservation were compared with 21 patients who underwent hysterectomy without ovarian preservation. The surgery-free percentage in the hysterectomy with ovarian preservation group after 2, 5, and 7 years was 100.0%, 95.2%, and 89.6%, compared with 90.5%, 85.7%, and 85.7% for the hysterectomy with- CI, confidence interval; HR, hazard ratio. * Kaplan-Meier estimates of reoperation-free survival are shown by surgery type and ovary preservation, with hazard ratio estimates from Cox Proportional Hazards models. The P value was testing whether the hazard ratio equalled 1. † Two laparoscopic patients with both ovaries removed were excluded from this analysis. CI, confidence interval; HR, hazard ratio. * Kaplan-Meier estimates of reoperation-free survival are shown by surgery type and ovary preservation, with hazard ratio estimates from Cox Proportional Hazards models. The P value was testing whether the hazard ratio equalled 1. † Two patients in the laparoscopic group with both ovaries removed were excluded from this analysis. out ovarian preservation group, which was not significantly different (Table 5 ).
In the age group of 40 years and older, the failure rate was significantly lower in comparison with the other age groups, and hysterectomy without preservation of either ovary had the lowest failure rate. A total of 28 patients in the hysterectomy without ovarian preservation group had surgery-free percentages of 100.0%, 96.0%, and 96.0% at 2, 5, and 7 years, respectively. In this age group, the hysterectomy without ovarian preservation patients had a seven times lower risk of reoperation than the other two surgical groups. Also, when ovarian preservation was considered, hysterectomy was not superior to local excision in this age group.
DISCUSSION
We found that conservative surgery (laparoscopic local excision), preservation of the ovaries, and the age of the patient at the time of index surgery (30 and younger) were major variables that predicted the need for reoperation. The disease stage did not have a significant effect on the 2-, 5-and 7-year failure rate in the hysterectomy and laparoscopic groups. Also, neither ovarian nor colorectal involvement had any significant effect on surgical failure rates. The number of prior surgeries and patient ethnicity showed no meaningful difference in the outcome.
The reoperation rate in the laparoscopic group at 2 years was 21.2%, which was similar to Abbott's randomized control trial in 2004, which reported a nonresponsive rate of 20% after 1 year of follow-up. 8 Although our overall 2-year reoperation rate was markedly less than the 37% reported in Sutton's randomized controlled study in 1994, 9 we had a very similar reoperation rate (36%) after 2 years in the 19 to 29 year age group. Both of Abbott's and Sutton's studies measured pain and quality of life, and not the need for reoperation, as the indicator of failure. None of these studies followed patients for the length of CI, confidence interval; HR, hazard ratio. * Kaplan-Meier estimates of reoperation-free survival are shown by surgery type and age group, with hazard ratio estimates from Cox Proportional Hazards models. The P value was testing whether the hazard ratio equalled 1. † Four patients from the hysterectomy with ovary preservation group and one patient from the hysterectomy without ovary preservation group who were under the age of 30 were excluded from the analysis.
time in this study. We followed patients for a median of 7 years and up to 11 years. In our 7 years follow-up, conservative local excision (laparoscopic group) showed a reoperation rate of 58%, which was 2.89 and 6.16 times higher in comparison with hysterectomy with or without ovarian preservation, respectively (PϽ.001). One possible reason that hysterectomy alone is associated with a lower reoperation rate is that pain in patients with endometriosis often is associated with menstrual bleeding, and removing the uterus will eliminate menstrual bleeding. This explains in part why the norgestrel intrauterine device is successful in treating pain associated with endometriosis. 10 Prior studies supported the removal of the ovaries during hysterectomy to reduce the failure of the surgery. 4 However, it was unclear whether all endometriosis was removed. Our data showed that removal of both ovaries during hysterectomy reduced the risk of reoperation by only 2.44 times. In women younger than 40 years of age, we believe that oophorectomy can be avoided because reoperation rates are not substantially reduced.
The removal of only one ovary was associated with a 2.7 times lower reoperation rate only in the laparoscopic group. This might have occurred because the removal of an ovary as treatment for an ovarian cyst (endometrioma) may decrease the risk of recurrence, although this is unproven. Further studies are required to assess this phenomenon.
This study is limited by its retrospective nature and the lack of randomization to a particular treatment modality. These patients were from a tertiary care referral center, where more than 50% of patients had advanced disease and more than 50% had at least one previous surgery. Nonetheless, the short-term failure rates were similar to the previous randomized clinical trials. Another limitation of the study is that, when stratifying for multiple factors, statistical power is reduced and even large differences may not reach statistical significance even though the size of the difference is of clinical importance.
Local excision of endometriosis is associated with good short-term outcomes but, on long-term followup, has a high recurrence rate. Hysterectomy is associated with a low reoperation rate. Preservation of the ovaries at the time of hysterectomy remains a viable option.
